The aim of this paper is to present an initiative of application of the Linked Data principles to promote data interoperability between heterogeneous OpenCourseWare (OCW) repositories and to enhance the search and discovery of contents created and shared by the universities.
Introduction
OpenCourseWare (OCW) is one of the most successful emerging initiatives in the way to Open Content. The great impact of the initiative has led many international and prestigious universities to join the movement; creating their own projects in coordination with OCWMassachusetts Institute of Technology.
There is an enormous amount of academic information and digital resources produced in universities with OCW Initiatives. The internal organization, structure and technological infrastructure of an OCW project are diverse, and respond to the vision of each university. There is not a standardized way to implement OCW initiatives, however some guidelines and recommendations on the characteristics of repositories and the structure of an OCW project can be found. Materials in OCW repositories are not usually described by metadata. Therefore, one of the greatest challenges that OCW initiatives, and that in particular, the OCWC and OCW-Universia * have to face is the heterogeneity of existing OCW repositories. Heterogeneity leads to problems of interoperability and accessibility of open content among institutions and within them. The lack of interoperability shows some disadvantages in the discovery, reuse, remix and adaptation of OCWs. OCW Community must find a way to exchange quick and easy access to Open Educational Resources (OER).
The use of Linked Data approach on OCW repositories provides the framework for evolving into a more interoperable and integrated system to sharing, connecting and discovering data and metadata of OCW initiatives.
In this paper, authors apply Linked Data design approaches to describe and retrieve information that is semantically related to open educational resources accessible via the OCWC and OCW-Universia websites. Once Linked Data and OCW model are introduced (sections 2 and 3 respectively), the main problem that authors face is described in section 4.1 and the deployment of the solution is detailed in section 4.2. Description of the way to elaborate queries to extract Linked data is presented in the section 5. Finally, conclusions are summarized in the section 6.
Linked Data
Semantic Web technologies and, more precisely, Linked Data are changing the way information is stored and exploited. The term "Linked Data" refers to a set of best practices for publishing and connecting structured data on the Web (Bizer, Heath, & Berners-Lee, 2009 ). In summary, the Linked Data Design Issues, outlined by Tim Berners-Lee back in 2006, provide guidelines on how to use standardized Web technologies to set data-level links between data from different sources (Bizer, 2009 ). These Linked Data Design Issues are:
1. Use URIs as names for things 2. Use HTTP URIs so that people can look up those names 3. When someone looks up a URI, provide useful information, using the standards (RDF, SPARQL) 4. Include links to other URIs, so that they can discover more things In contrast to the full-fledged Semantic Web vision, linked data is mainly about publishing structured data in RDF using URIs rather than focusing on the ontological level or inference (Hausenblas, 2009 ). This new and simplified approach minimizes entry barriers and fosters a softer adoption. The Open Data movement has seen successful pressure on governments to expose and open up data sets-in many cases this is being done using a Linked Data approach (Bechhofer et al., 2012) . Linked Data-particularly data available using open licenses-has an important role to play in information systems and could be a key feature for the Web of Data (Passant et al., 2009 ). However, and in spite of its huge potential, an important weakness is that it has not been established completely a formal reference that integrates the necessary infrastructure in terms of components .
The use of Linked Data is widely documented e.g. (Álvarez et al., 2012; García-Crespo et al., 2010; Joerg et al., 2012) , but in education is in particular remarkable. For instance (Ruiz-Calleja et al., 2012) propose a tool to collect data from third-party sources, align it to a vocabulary understandable by educators and finally publish it to be consumed by educational applications. In educational video settings, present a video annotation and browser platform that enables the annotation of video resources using vocabularies defined in the Linked Data cloud along with the browsing of semantically linked educational video resources with enhanced Web information from different online resources. MetaMorphosis+ by (Dovrolis et al., 2012) , designed to be applied in the medical domain, is able to publish richly annotated educational resources that are further semantically enriched and exposed in the Linked Open Data cloud. The work of (Fernandez, d' Aquin, & Motta, 2011) presents an effort that is focused on selecting, extracting, structuring and interlinking information of video lectures produced by 27 different educational institutions.
Considerable work has been devoted to increase the interoperability between Learning Object Repositories that rely on different metadata schemas e.g. IEEE LOM. To achieve this goal, for example, the work of (Ebner et al.,2009 ) presents an application profile of the IEEE-LOM and a Web-based tool for description of learning resources on organic agriculture, in the context of the Organic Edunet initiative † . However, learning object metadata is typically not linked across repositories and not is possible navigate or interoperate between different data sources available on the Web. This problem is addressed through Linked Data by (Sicilia et al., 2011 ) that describes how linked data has been integrated to Organic Edunet to navigate learning resources.
A recent survey has been put forward by (Dietze et al., 2013) in relation to the application of Linked Data to solve interoperability issues in the field of e-learning. In this paper are presented initiatives whose aim has been to share or allow access through services to educational web data. Then, authors present a general-purpose approach for the integration of existing data on open public educational repositories (accessible via Web services and available APIs), and later expose metadata as linked data. Their proposal has not been implemented.
Our work differs from the above, e.g. (Ebner et al.,2009; Dietze et al., 2013) because we propose a vocabulary to describe OER, resources that have particular characteristics that differentiate it from a traditional learning object, or have features that in the context of Open Content are important, as structure, origin (consortium, educational institution, repository), intellectual property rights, among others.
An additional contribution of our work is the extraction of data from unstructured or semi-structured and heterogeneous sources (most OCW courses are published as HTML pages, are on different platforms and can vary in their structure). Works of Linked Data publishing, as (Dietze et al., 2013; Fernandez, d 'Aquin, & Motta, 2011) are based on information extracted through APIs or extracted from a single site.
Finally, the paper of (Tovar et al., 2012) , based on previous works e.g. (Chicaiza et al., 2010) , describes the connection of open educational resources by means of social and semantic web technologies.
Open Educational Resources and the OCW model
The internet has increasingly become the dominant medium for making resources available online in a digital format, in order to be accessed, used and reused by interested audiences (Tzikopoulos et al., 2012) . As a consequence of this, technology-based education or technology applied to education is a key issue in Knowledge Society. E-learning systems have not only become the backbone in distance education but also are also at the heart of traditional university teaching (Rodriguez et al. 2006 ). In academia, many institutions use their own learning content management systems (LCMS) and digital repositories to offer digital educational resources as part of their curricula. However, and although LCMS have reached a certain level of maturity (Alier et al., 2012) , such tools suffer from problems, such as the lack of openness, resistance to change, failure to take into account the user, lack of integration with informal context and so on (García-Peñalvo et al., 2011 Online education breaks the geographical barriers and allows for different modalities of self-learning or peer-learning that complements more traditional instructor-led settings; but the possibilities of online learning are even more far-reaching thanks to the movement toward "open educational resources," which promotes the use of open licenses to share educational resources on the Web (García-Barriocanal et al., 2012) . One of these initiatives is OpenCourseWare, the focus of this paper.
OCW model has proved to be one of the most successful emerging initiatives in the global promotion of open and universal access to knowledge in higher education. This model has been globally replicated in higher education institutions by the OCWC and other partner organizations that are working together to build a body of open educational contents, using this sharing model. All OCWC courses are available for adoption and adaptation by faculty and students around the world.
The OCW contents are searched using a keyword-based search engine Users can run a basic keyword search or use an advanced search option according to three metadata: title, author or keywords. Like all search engines, however, OCW-Universia also has some weaknesses and improvement opportunities. In this respect, the weaknesses can be said to revolve around interoperability, accessibility, and visibility.
The quality and quantity of resource descriptors is another search engine shortcoming. The number of keywords associated with each resource is low, generally one or two words. This means that many irrelevant results may pass through the filter, whereas other important ones may be rejected. Additionally, the site offers general information, and does not offer personalization mechanisms capable of retrieving specific information items. OCW data is locked away in independent data silos, making it much less useful than it could be. It's difficult to develop tools for consume data from multiple silos. Searching OCW/OER across multiple silos means invoking each one's user interface, and receiving the results in separate groups. The presence of data silos makes accessing data and interoperability between repositories harder in several ways.
Browsing open educational materials suffers from the same problems as searching, made worse because each silo has its own organizational structure. Some silos have no way to link to a particular item, and so hinder the free flow of information. The presence of OCW silos impedes the interoperability, discovery, synthesis, and flow of knowledge. As a result teachers, students and self-learners spend too much time looking for resources -or they spend too little and make decisions based on incomplete information. Linked data have the potential of create bridges between OCW data silos. 
The solution implemented: a general framework for exposing data in OCW Domain
Authors propose an approach using Linked Data on OCW repositories and establishing the following framework for evolving into a more interoperable and integrated system to sharing, connecting and discovering data and metadata of OCW initiatives.
Linked Data technologies can also help to integrate the work of disperse institutions producing diverse linked data. These are detailed in the next subsections, 4.2.1 to 4.2.5.
Identify and select data sources
The OCW environment is characterized by large amounts of unstructured and semi-structured data; although the collected data from OCW repositories may have certain structure accepted by the community, but not all data have a similar or compatible structure and meaning and open education materials are shared as Information Silos or "Walled Gardens" (see Figure 3) .
With respect to the OCW initiative content management systems ‡ , their organization and internal structure as content repositories are heterogeneous as they conform to the particular vision of each higher education institution. In terms of similarities, each OCW site is generally accessible via the Internet and their educational resources are published using open licenses.
Although there are agreements and minimum recommendations on the characteristics of the repositories and on the structure of an OCW, there is currently no standardized way of implementing OCW initiatives. However, these agreements have been sufficient to promote the speedy adoption of OCW initiatives, although they have posed problems for the implementation of tools to automatically process OCW data. We started with the identification of ontologies that could be used to represent the OER data. Although there is no standard OCW structure, authors have observed that the courses created by OCW-Universia and OCWC members tend to conform to a general structure, as shown in Figure 4 . • locwd:OER describes an Open Educational Resource.
• locwd:OCW describes an OCW.
• locwd:OERRepository represents a repository that stores OERs.
• locwd:OCWRepository represents a repository that stores OCW courses.
• locwd:EducationalOrganization represents the educational institution that publish open educational content.
• locwd:Person the concept represents both creators and users of OER/OCW.
• locwd:KnowledgeArea represents a branch of knowledge.
• locwd:RichedTag describes the way to express the meaning of a tag associated to an OER/OCW.
• locwd:
OpenLicense describes an open license.
• locwd:Permission describes the action of officially allowing someone to do a particular thing with an OER/OCW.
• locwd:Requirement describes a thing that is compulsory; a necessary condition.
• locwd:Prohibition describes the action of forbidding something, specially by a law or legal regulation.
LOCWD reuses a set of RDF vocabularies. Each vocabulary includes a set of terms and classes that are common to a particular knowledge domain. The aim of these vocabularies is to connect the described OCW domain with Datasets in the LOD cloud.
Classes and properties comprise the core of LOCWD. They describe characteristics of OER and OCW that are independent of technology; as such they can be used to describe basic information about open educational materials (see Table 1 ). LOCWD introduces the following classes and properties. A machine-friendly version is also available in http://purl.org/locwd/schema on RDF/XML format. The possibility of content adaptation is a key permission in the context of OERs: those using the open educational materials can customize them the way they want. Adapt refers to the process of taking OER developed for one context and adapting/localizing them for other contexts. The possible values for properties: locwd:permits, locwd:requires, locwd:prohibits can be seen in Table 4 . New terms may be added at any time and consequently this specification is an evolving work. Future versions may incorporate multilingual translations of the term definitions.
Data Extraction
There is a large amount of unstructured data of an OCW resource available on the Web, but only in a human-readable representation (HTML). Most OCW web sites do not have APIs for data consumption. So, the only other alternative for automatically reconstitute the underlying data from an OCW web site is to use web-scraping techniques. However, web scraping, or the automated harvesting of data on the Internet, is a huge problem. In theory, Web scraping gives access to any data. According to our experience, Web Scraping is tricky and time-consuming to write a reliable and complete scraper because of the complexity and changeability of each OCW user interface.
Information has been extracted with ad-hoc Python scripts. In the present work authors selected and extracted information from 80 heterogeneous OCW repositories from OCWC and OCW-Universia members, sifting through a total of 7,239 OCW courses and 47053 OERs approx. Data scraping were used to extracts data from OCW platforms that was later structured and stored in a database. Scraping eliminated the need for having to do the retrieval manually. These courses have 6340 creators, including organizations and academic personnel linked to one of the 80 higher education institutions from 28 countries. They describe 657 branches of knowledge (and 27588 keywords, which are used to categorize OCW courses. The scope is showed in Table 5 .
Data extraction was conducted in two phases: a.) General Data extraction from the OCW-Universia; the available metadata are course title, course description, knowledge area, course website address, authors, higher education institution, and keywords. b.) Specific Data extraction from each URL where the OCW is originally stored. The OCW data obtained from the different OCW repositories were cleaned, disambiguated and formalized for later processing according to Linked Data Design Issues and using LOCWD Vocabulary. (12) France (3) India (11) Indonesia (28) Iran (7) Israel (25) 4.2.1. RDF Generation The next step was to consolidate the metadata in a linked data schema for the purpose of simplifying future processing. Then, the selected data were converted to Linked Data using the LOCWD vocabulary and a data conversion program written in Jena.
RDF has been generated with ad-hoc Jena scripts that are executed in two processing steps, integrating with ease the generation of RDF and tasks such as scraping of the OCW sites that stores OCW Data.
The first step generates data about OCW repositories and Education Institutions, which is static, and thus which is executed only a few times. The second step generates the information about OCW courses on a regular basis, keeping the data updated. The information is obtained by extract data from each OCW site. When new OCW courses are added or updating, these are processed.
The resources described in Linked Data/RDF are stored in Virtuoso § , making them available for humans and computers. At this point, each resource was identified by a URI with a dereferencing option, and thus display the results retrieved as Linked Data.
Finally, we have used Silk Framework to link data ** (region, country, university, city, language) of the OCW to other datasets in LOD; however, in this work too were made directly SPARQL queries. The power of data lies in its links.
Querying DBPedia, authors obtained additional information about universities such as name in different languages, label, comment, latitude, and longitude. From Geonames were extracted data about locations like continent, country, capital, city or state.
The correspondence between institutions of OCW data repository and DBpedia was achieved through the names and the URL of an institution, and in the case of locations, the name was enough to find data. A little manual work had to be done to find missing data when there were no correlation. Based on DBPedia URIs and using the property sameAs were obtained equivalent links from FreeBase; this enabled to consolidate a greater amount of information. For example the university acceptance rate could be used later to combine with other criteria to help determine the quality and / or relevance of courses.
For the 97.5 percent of universities and organizations that produce OCWs and appearing in our dataset, were found information in DBPedia, and for countries get the URI of all. In total, 196 links were established with DBpedia, 102 with Freebase.
Consume and display linked data.
The domain of OCW resources was described as Linked OpenCourseWare Data because, Linked Data holds the potential to move OCW collections out of their silos and therefore opening the data:
 To leverage the knowledge capital represented by our OCW repositories  To enrich our information landscape, to improve visibility  To improve ease of discovery open academic resources  To improve ease of consumption and reuse of OCW  To reduce redundancy in search of OCW  To promote innovation and added value to Open Educational Initiatives. Because the linked data on the Web are accessible via services or public query libraries, OCW data can be processed, reused, combined, integrated, and used for several purposes. Thus, benefits of this approach have been defined through the elaboration of the following study case:
Study Case Title: OCW Community must explore a way to find exchange and easily access to open educational materials.
The Problem: OCW data is locked away in independent data silos, making it much less useful than it could be. The presence of OCW silos impedes the synthesis, share, delivery and flow of knowledge. It's difficult to develop tools for consume data from multiple silos. Teachers, students and self-learners spend too much time looking for resources -or they spend too little and make decisions based on incomplete information. Searching OCW/OER across multiple silos means invoking each one's user interface and receiving the results in separate and disconnected groups. The academic community may have difficulty reusing, re-mixing and adapt of OCW resources.
The solution: The application of LOCWD Vocabulary and Linked Data principles promote the data interoperability between heterogeneous OpenCourseWare (OCW) repositories and enhance the search and discovery of contents created and shared by the universities. The Semantic Web provides a framework and the technologies needed to describe and access resources and data from the Web. The machines could do a better job integrating, mixing, reusing and consolidating data if its meaning is explicitly defined by formal languages.
Key Benefits of LOCWD;  For teachers, self-learners and students the benefits include o Improve discovery, promote interoperability, provenance and facilitate automated processing by increased flexibility to changes in presentation, adaptation, use, reuse, remix, and reduced ambiguity. Linked data were obtained through queries written in SPARQL, one of the most widespread query languages used in the scientific community conducting research in the field of the Semantic Web. SPARQL queries retrieved information items from OCW domain based on the subset of data that satisfied particular conditions.
To demonstrate that the framework operates correctly, authors connected RDF data from one data space with another, which authors linked with heterogeneous data sources. Some of the queries run are described below. (a) Query OCW course lecturers-authors located by scientific/academic status and/or OCW course importance (measured in terms of OCW visits) in particular fields of knowledge:  Input parameters: query text, e.g.: "eLearning", "Semantic Web"  Selected dataset: OCW author particulars, scientific impact factor (each author's h-index can be queried by linking to ISIWeb/DBLP), data indicating the number of visits and social rating of the OCW course (these data can be gathered from the search tool)  Process: Select authors of OCW courses related to the term to be queried, comparing OCW authors according to h-index (or any other index) and data on the use of their OCW courses (or OCW social rating). (b) Query OCW repositories according to geographical input information or information on OCW repository features.  Input parameters: (a) geographical information (country, longitude, latitude, city, others) (b) OCW repository: platform type, language, repository CC license, number of courses, associated higher education institution, etc.  Selected dataset: OCW repository data, and link to external RDF data sources: DBPEDIA, GEONAMES, FREEBASE, etc.  Process: link the repository properties with external RDF data sources.
Discussion and Conclusions
The key idea the OER movement is that open educational content should be maximally shared. In this paper, authors have shown that interoperability is an important aspect of open educational contents integration and reuse.
Linked Data is a matter of organizations publishing their data, but even more, of creating links between datasets in order to build interoperability in a global information space based on links: different databases sharing the same vocabulary (a "hub and spoke" approach to map linked data).
The use of linked data approach on OCW repositories provides the framework for their evolution into a more interoperable and integrated system to sharing, connecting and discovering data and metadata of OCW initiatives. Based on the perspective of Linked Open Data, free open OCW data also fosters interoperability and creates a basis on which the use, reuse, remix, and adaptation of open educational tools or commercial applications can be built more easily.
Liked Data is published not only as passive datasets, but as web services that can be utilized by other application (open source or commercial software) via SPARQL web services. As a result, the research team developed and successfully used a software interface that demonstrates how the Linked Data vision enables a new generation of OERs and OCW that can be semantically described and connected with other data and discoverable sources. In the work (Piedra et al., 2012) , authors, show a three-tier client-server architecture using Android framework that integrates into a common interface the OCW linked data management on mobile devices. Moreover, the research team has built a search engine † † based on facets that consume Linked Data from LOCWD. The knowledge organization systems of all kinds are more than ever needed to serve as hubs between datasets described according to different data formats. The vocabulary LOCWD contributes to this approach.
Finally, as regards future work, authors intend to continue research on Linked Data projects in the field of OER and OCW. This new interoperability style, built on Linked Data Design Issues, will allow offering new services, more adapted to personalized and serendipitous discovery of open educational contents.
